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Description 

The present invention relates to branched organosilicon compounds having siialkylenesiloxane units, and to a 
method for their preparation. 
5 Organosilicon compounds having siialkylenesiloxane units of the formula: 

R R 
I I 

I I 



15 

where R is a monovalent hydrocarbon group, and n is a positive, integer have been disclosed and are known to be 
resistant to molecular chain scission by ionic substances, such as acids<or alkalis.-compared to other organosilicons. 
Methods of making these compounds have been proposed by Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, 
20 No. 4,739-744, April. 1971 , and by JPA's 4-65428 and 4-65429. 

However, in these methods, cyclic silalkylenesiloxanes, such as 2,2,6,6-tetramethyl-1-oxa-2,6-disilacyclohexane, 
are prepared in advance, and are then subjected to ring-opening polymerization. Thus, the polymer compounds obtained 
by the above methods are linear polymer compounds. There has been no prior disclosure of branched organosilicon 
compounds having siialkylenesiloxane units. 
25 It is an object of this invention to introduce a method for the preparation of silicon-bonded, hydrogen-endblocked 
organopolysiloxanes containing siialkylenesiloxane units. 

It is another object of this invention to produce much branched organosilicon compounds which are useful as defoam- 
ing additives in acid or alkali environments. 

It is a further object of this invention to prepare such branched organosilicon compounds which are useful as additives 
30 in silicone rubber compositions. 
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The present invention relates to an organosilicon compound having a unit formula selected from: 

R 1 a 1 V 
1 I I 1 i 

R 1 R 1 
I I I 1 

<» io i/a>« t i/4 OSi " R ,ai0 i/8 1 b" s±0 3/2 ) c (Sl0 4/2 ) <l' 

. .. a* V.. ... 

| I I I 

<" 3ic i/ 2 »a ( i/2 OSi - R -SiO l/3 ) b (sio 2/2 ) m <si0 4/2 ) <J , 

a 1 - r 1 r 1 R 1 

.* • ..... R 1 R X R 1 

I 1,1 1 1 

(HSiO ) a ( l/2 OSi-R 2 -Si0 1/2 > b (SiO 2/2 ) m (R SiO V2 ) fi , 

35 

R 1 R 1 * X 
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1 1 2 1 1 i 

( HSiC 1 /2 , a ( l/2° Si_R - Si °l/2 : 'b (R Si0 3/2 > C 



R 1 R 1 



Ri is a monovalent hydrocarbon group having from 1 to 10 carbon atoms and is free of aliphatic unsaturation. R2 is an 
55 alkylene group having from 2 to 10 carbon atoms; m has value of greater than zero; a has a value of greater than zero; 
b has a value of greater than zero; c has value of greater than zero; and d has value of greater than zero. 

Ri is exemplified by alkyl groups, such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl. octyl, nonyl, or decyl; 
fluorine-containing organic groups such as 3,3,3-trifluoropropyl, or 3, 3, 4,4,5,5.6,6, 6-nonafluorohexyl; aryl groups such 
as phenyl, tolyl, or xylyl; or aralkyl groups such as benzyl or phenethyi. Preferably selected from methyl or phenyl. 
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R2 j S an aJkylene group having from 2 to 10 carbon atoms and may be straight chain or branched, it is specifically 
exemplified by ethylene, methyl ethylene ethylethylene, propyl ethylene, butylethylene, propylene, butylene, 1-methylpro- 
pylene, pentylene, hexenylene, heptenylene, octenylene, nonenylene, or decenylene. It is preferably selected from eth- 
ylene propylene, butylene, and hexenylene. 

s In our organosilicon compounds, the number of silicon atoms in the polydiorganosiloxane units of the above formula 

is preferably less than 50% of the total number of silicon atoms in the branched organosilicon compounds of this invention. 

In the organosilicon compounds of this invention, the (HRi 2 Si0 1/2 ) unit is the endblocWng group, and the 
(Oi yoR 1 2SiR 2 R 1 2 Si0 1/2 ) unit is a unit comprising the principal chain of the compound. Also, the (R1 Si0 3y2 ) unit and the 
(SicL) unit are units which cause branching of the compound. At least one of these latter units must be present. 

w The organosilicon compounds of this invention preferably have a weight average molecular weight of 1 .000 or higher, 
as measured by gel permeation chromatography (GPC). 

Our branched organosilicon compounds are soluble in selected organic solvents, for example, aromatic hydrocarbon 
solvents such as toluene or xylene; aliphatic hydrocarbon solvents, such as hexane. heptane, octane, or nonane; alicyclic 
hydrocarbon solvents, such as cyclohexane, cycloheptane. or cyclooctane; and fluorine-containing solvents, such as 

is trif luoromethylbenzene. 1 ,3-bis(trif luoromethyl)-benzene. or methylpentaf luorobenzene. In many cases, our compounds 
are not soluble in methanol. 

The ratio of a to d and m in these organosilicon determines their solubility in selected organic solvents. The solubility 

and characteristics erf ^ Preferably. _ 

the ratio 'of a/b is 3 oM ess and the ratio of (c + d)/b is 1 or less. 
so Specific examples of these organosilicon compounds are compounds having their formula selected from: 

(HMezSiO^aCO.i^MezSiCeHizMezSiOt^bCMeSiOs/sJc. 

(HMezSiO^a^n/aM^iCeHizMezSiO^ySiO^d, 

(HMe2Si0 1/ 2)a(Oi/2Me2SiC2H4Me 2 Si0 1 y2)b(Si04 /2 ) d . 

(HMe 2 Si0 1/ 2)a(Oi/2Me2SiC2H 4 lvle2Si0 1 y2)b(MeSi03 / 2)c. 
25 (HMe2Si0 1 y2) a (0 1 /2Me2SiC2H4Me2Si0 1/ 2)b(CF 3 C2H4Si03/2) Cl 

(HMe 2 Si0 1/ 2) a (0 1/2 lvlePhSiC2H4MePhSi0 1/ 2)b(MeSi03 /2 ) c> 

and 

(HMePhSi0 1/2 )a(0 1 /2lv1ePhSiC2H4MePhSi0 1/ 2)b(MeSi03 / 2)c, 

wherein Me denotes methyl, Ph denotes phenyl, and a. b. c, and d have a value of greater than zero : 

Our organosilicon compounds may contain the Afunctional siloxane unit, having the formula (R^iO^), wherein 
R1 is as defined above, in addition to the (HRi^iO^). (0 1/2 Ri2SiR3Ri2SiO iy2 ), (R^SiOs^- and (SiO^) units above 

Thftesent invention further relates to a method of making branched organosilicon compounds, comprising (I) 
reacting- (A) a siloxane selected from (i) a tetrasiloxane having the formula R1 Si(ORi 2SiH) 3 ; 00 a pentas.loxane having 
the formula Si(ORi 2 SiH)4, or (Hi) mixtures of (i) and (ii). wherein Ri is a monovalent hydrocarbon group having from 1 
to 10 carbon atoms and free of aliphatic unsaturation; and (B) a compound selected from the group consisting of (i) a 
diorganosiloxane having its formula selected from RaRi^iOfR^SiOipSiRizR 3 or R3R1 zSiOSiRi 2 r 3 wh erein Ri is as 
defined above R3 is an alkenyl group having from 2 to 10 carbon atoms, and p is an integer having a value of greater 
than zero- (ii) : an unsaturated aliphatic hydrocarbon. compound having from 3 to-10carbon atoms and having at least 2 
carbon-carbon double bonds; and (Hi) an unsaturated aliphatic hydrocarbon compound having from 3 to 1 0 carbon atoms 
and having at least one carbon-carbon triple bond; in the presence of (C) a catalyst. The reactants of (")^Jurtner 
comprise (D) a diorganopolysiloxane having its formula selected from HRi2SiO(Ri 2 SiO) p SiRi 2 H or HR1 2 S,OSiR1 2 H. 
wherein R 1 and p are as defined above. 

In the present invention, the tetrasiloxanes and/or pentasiloxanes of (A) are the raw materials which supply branching 
45 to our organosilicon compounds prepared by this method. Ri is as defined above including preferred embodiments 
thereof. Preferably R 1 is selected from methyl or phenyl. 

Although these siloxanes provide the branched part of the organosilicon compounds of the present invention, they 
can also partially constitute the principal chain or an endblocking group. These tetrasiloxanes and pentasiloxanes are 
used individually or a mixture of the two can be used. 
so The tetrasiloxane of (A) is preferably selected from MeSi(OMe 2 SiH) 3 . MeSi(OMeEtSiH) 3 , PhSi(OM e2 SiH) 3 or 
CF 3 C 2 H4Si(OMe2SiH)3. where Et denotes ethyl and Me or Ph are defined supra. The pentasiloxane of (A) is preferably 
selected from Si(OMe2SiH) 4 or Si(OMeEtSiH) 4 - 

Component (B) in our method comprises a part of the principal chain of bur organosilicon compound. The alkenyl 
groups of R3 are preferably selected from vinyl, allyl, butenyl, pentenyl, hexenyl, or octenyl. 
55 The diorganosiloxane of (i) is preferably selected from CH 2 =CHMe2SiOMe2SiCH=CH 2l 
CH 2 =CHCH 2 Me2SiOlv1e2SiCH2CH=CH2. 
CH2=CH(CH2) 4 Me2SiOlvle2Si(CH2)4CH=CH2, 
CH2=CH(C2H5)2SiO(C 2 H5)2SiCH=CH2. 
CH2=CHCH 2 MePhSiOMePhSiCH 2 CH= s CH2, 
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CH2=CHMe2SiO(Me2SiO)2Me2SiCH=CH 2 , 
CH2=CHCH2Me2SiO(Me2SiO)2Me2SiCH 2 CH=CH2, or 
CH2=CH(CH 2 )4Me 2 SiO(Me2SiO)2Me2Si(CH 2 )4CH=CH 2 . 

The unsaturated aliphatic hydrocarbon compounds of pi) or (iii) are the components which introduce alkylene groups 
s into the organosiiicon compounds of this invention. The unsaturated aliphatic hydrocarbon compounds of (ii) are selected 
from 1 ,2-propadiene (allene); 1 ,2,-butadiene; 2-methyl-1,3-butadiene (isoprene); 2,3-dimethyl-1 ,3-butadiene; 1.3-pen- 
tadiene; 1 ,4-pentadiene; 1 ,5-hexadiene; and 1 ,3-cyclohexadiene. 

The unsaturated aliphatic hydrocarbon compounds of (Hi) are selected from acetylene, propyne, 1 -butyne, 2-butyne, 
1-pentyne, 2-pentyne. 3-methyl-1 -butyne, 3,3-di methyl- 1 -butyne, 1-hexyne, 2-hexyne, 1-heptyne, 1-octyne, 4-octyne, 
w 1-nonyne, 1-decyne, and5-decyne. 

The amount of component (B) is appropriately adjusted to obtain an organosiiicon compound having a desired 
molecular weight and amount of branching. Preferably, (B) is added such that the ratio of the number of moles of alkenyl 
groups in (B) to the number of moles of silicon-bonded hydrogen atoms in (A) is from about 0.5:1 to 1 :0.5. 

Component (C) is a catalyst which promotes an addition reaction between the silicon-bonded hydrogen atoms of 
15 (A) and the alkenyl groups of (B). This catalyst is selected from platinum catalysts, rhodium catalysts, palladium catalysts, 
or organic peroxides. Platinum catalysts are preferred since they readily promote addition polymerization. Preferred 
platinum catalysts include platinum black, silica-powder-supported platinum, carbon-powder-supported platinum, chlo- 
roplatinic acid, alcohol solutions of chloroplatinic acid, a complex of platinum and vinylsiloxane, ora complex of platinum 
and an olefin. 

20 The amount of (C) is not particularly limited; however, it is preferred that (C) is added in a range of from 0.1 to 500 

parts by_wejght per .one_ mHljon. parts of thejptal weight ofthe reactants employed in this invention. „ . _~ 

The reaction mixture of (I) may further comprise (D) a diorganopolysiloxane. Component (D) can comprise a part 
of the principal chain of our organosiiicon compounds. The diorganopolysiloxane of (D) is selected from 
HMezSiOMezSiH, HMeC 2 H 5 SiOC 2 H 6 MeSiH, HfC^sJzSiO^HsJzSiH. HMePhSiOMePhSiH, 

25 HMe^\0{hAe^\0) 2 Me^\^. HMe^iOfMePhSiOhMe^iH, or HMePhSiO^e^iOJ^ePhSiH. ... 

In our method, the order of addition of components (A) to (C), and optionally (D), is arbitrary, and is readily determined 
by those skilled in the art through routine experimentation. For example, one method comprises mixing components (A), 
(B), and optionally (D), heating and stirring this mixture, and then gradually adding component (C) to this mixture. Another 
method comprises mixing components (A) and (C), heating and stirring this mixture, and then gradually adding (B) to 

30 this mixture. Similar method comprises mixing (A) and (D), heating and stirring this mixture, next adding (B), and then ' 

gradually adding (C) to the resulting mixture. i 
In our method an organic solvent can be used as long as the objective of the present invention is not impaired. ^ 
Organosiiicon compounds of higher molecular weight are manufactured by the use of organic solvents in our invention. 
The organic solvent can be, for example, aromatic hydrocarbon compounds, such as toluene or xylene, aliphatic hydro- 1 $ 

35 carbon compounds such as hexane, heptane, octane, or nonane, alicyclic hydrocarbon compounds, such as cyclohex- 
ane, cycloheptane, or cyclooctane, or fluorine-containing aromatic hydrocarbon compounds, such as 
trif luoromethylbenzene, 1 ,3-bis(trif luoromethyl)-benzene, or methylpentaf luorobenzene. ^ 

The reaction conditions for our method are not particularly limited. If the reaction is conducted at ambient atmos- 
phere, its reaction temperature is limited by the boiling points of components (A) - (C), and optionally (D), or the boiling 

40 point of the organic solvent (if used). If the boiling points of components (A) - (C), and optionally (D), and the organic 

solvent (if used) are relatively low, the reaction may be carried out under pressure. 
„ ^- -Our-silicon-bonded, hydrogen-endblocked organosiiicon compounds are obtained by mixing the above components 
such that the number of moles of silicon-bonded hydrogen atoms in (A) is larger than the number of moles of alkenyl 
groups in (B). 

45 The branched organosiiicon compounds of this invention are soluble in certain organic solvents, and preferably have 
a weight average molecular weight of 1 ,000 or larger. This substance usually ranges in form from a viscous liquid to a 
gum at room temperature. 

Our branched organosiiicon compounds are resistant to molecular chain scission by ionic substances, such as acids 
or alkali. These compounds are useful as defoaming additives in such environments. Also, these compounds are suitable 
so as an additive for silicone rubber compositions which cure by organic peroxides, addition reactions, or condensation 
reactions. 

Furthermore, the organosiiicon compounds of the present invention are useful starting materials for preparing orga- 
nosiiicon compounds which are endblocked by organofunctional groups through an addition reaction with a hydrogen- 
silane which contains organofunctional groups. Our organosiiicon compounds are also beneficial as the starting material 
ss for preparing novel composite materials of organic resin and organosiiicon compounds by an addition reaction with 
organic resins having carbon-carbon double bond residues. 

In the following Examples, the viscosity is the value measured at 25°C. 
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Fxample 1 



10 



15 



97%. This viscous ■£ 

by dMnseon. art a viscous kMd ^ 

wherein the ratio of a/b/c was 1/1/1- ^hmmatooraDhv (GPC) , it was found that its weight 

^kT« IsSS Also. « «as soluMs m •» and xylsus. 



Example 2 inaripd— 

in a reaction vessel, and heated to 95'C ^'^^^TlZTsM^. the resulting mixture was heated and 
itoxane and 10 g of toluene ******* ^.2 a^ilS the solvent was removed by distillation, and a v.scous 
refluxed for 2 hours. After the produrt was ' ^analyzed by *>Si, and NMR, and by FT-IR From the 

KeTit^ 

(HMe^ 1/2 )>i/2Me2SiC^4Me^ 1/2 ) b (MeS.03 ffi )o 

wherein the ratio ofa/b/cwas 1/2.3/T _ _ m olecular weight was 1 6.000 calibrated by polyd.meth- 



20 



25 



30 Fyamole 3 



35 



6 0gofto,ene.4 9 .2gof^^ 
in a reason vessel, and heated to ™^££^^^J^ the resulting mixture was refluxed by 
isiloxane and 20 g of toluene was added to the reertorr vesse^ *™ ^ solvent was removed by dist.llat.on;. 

Sng for 3 hours. Subsequent* ^-r^Sj^^iSTSi liquid was analyzed by *>Si. and 1« 



having the average unit formulae 



40 



(HMe2bi^n/2Ja^jL/zL™?^^^ ...... 

wneTeiHtiTe ratio of a/b/d was 1 .9/2/1 mnipcular weiqht was 8.000 calibrated by polydimethylsiloxane. 

„/r^ a o»s^^^ 
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Claims 

1 . An organosilicon compound having its unit formula selected from: 

a 1 R 1 

| I.I I 1 

< M *W. < i/" 0,i - a -""i/aV^a/aV* sio 3/2 ) c (si ° 4 /2 ) d' 

IT R R R 

H 1 R 1 



75 



20 



25 



30 



35 



40 



(MiO l/ ,) a ( l/2 OSi-R 2 -StO l/2 ) b (R 1 Si0 3/2 > c (Si0 4/2 ) d , 
t R> ^ 

/ K 1 R 1 " R 1 " 

I I I I 

IHSio i/2 ) a t i/2 OSi - R : sio l/2 > b (Si0 2/2 ) m^^/a'd' 

i a R 1 J 1 

R 1 R 1 R 1 
I I _ I I ! 

<» 4O l/2 J « ( l/2 08irR - Si °l/2 , b <Si0 2/2 > m (R Si °3/2 > C' 
I - I | | 



1 ft R R J 



R 



R 1 R 1 



^ iO i /2 i a ( 1 /2 0 f i - R2 -f°l/2 , b (SiO ,/2 ) d' ° r 



45 



R 1 R 1 R 1 



' ' 2 ' 

i 1 R 1 i 1 



55 wherein R 1 is a monovalent hydrocarbon group having from 1 to 10 carbon atoms and free of aliphatic unsaturation, 
R2 is an aikylene group having from 2 to 1 0 carbon atoms, m has value of greater than zero, a has a value of greater 
than zero, b has a value of greater than zero, c has value of greater than zero, and d has value of greater than zero. 
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2. A compound according to Claim 1 , wherein the organosilicon compound is selected from a compound having its 
unit formula selected from the group consisting of: 
(HMe2Si0 1/ 2)a(Oi/2Me 2 SiC6H 1 2lvle2Si0 1/2 ) b (lvleSi0 3 /2) c , 
(HMezSiO^JafOi^MezSiCeHizMezSiOvdbtSiO^d, 

5 (HMe 2 Si0 1 y 2 ) a (0 1/ 2Me 2 StC 2 H4Me 2 Si0 1/2 ) b (Si04/2)d. 

(HMe2Si0 1/2 ) a (0 1 /2Me2SiC2H4Me 2 Si0 1/2 ) b (MeSi03 / 2) c , 
(HMe 2 Si0 1/2 ) a (0 1/ 2Me 2 SiC2H4lvle2Si0 1 y2) b (CF3C2H4Si03 / 2) c , 
(HMe2Si0 1/ 2)a(0 1 /2MePhSiC 2 H4MePhSi0 1/ 2) b (IvleSi03 / 2)c. 
and 

10 (HMePhSi0 1 y2)a(Oi/2MePhSiC2H4MePhSi0 1 y2)b(MeSi0 3/ 2)c, 

wherein, Me denotes methyl, Ph denotes phenyl, and a, b, c, and d have a value of greater than zero. 

i 

3. A method of making branched organosilicon compounds, comprising: 
is (I) reacting: 

(A) a siloxane selected from 

(i) a tetrasiloxane having the "formula Si(OR 1 2SiH>3. 
20 (ii) a pentasiloxane having the formula Si(OR 1 2SiH) 4 , and 

(iii) mixtures of (i) or (ii) 

wherein R 1 is a monovalent hydrocarbon group haying from 1 to 10 carbon atoms and free of aliphatic 
unsaturation; and 

25 (B) a compound selected from the group consisting of 

(i) a diorganosiloxane having its formula selected from R3Ri 2 SiO(R 1 2 SiO) p SiRi 2 R 3 or RSRi^iO- 
SiR 1 2 R 3 wherein R1 is as defined above, R3 is an alkenyl group having front 2 to 1 0 carbon atoms, and 
p is an integer having a value of greater than zero, 
30 (ii) an unsaturated aliphatic hydrocarbon compound having from 3 to 10 carbon atoms and having at 

least 2 carbon-carbon double bonds, and 

(iii) an unsaturated aliphatic hydrocarbon compound having from 3 to 10 carbon atoms and having at 
least one carbon-carbon triple bond; in the presence of 



35 (C) a catalyst selected from platinum catalysts, rhdoium catalysts, palladium catalysts, or organic peroxides. 

4. A method according to Claim 3, wherein the reaction mixture of (I) further comprises (D) a diorganopolysiloxane 
having its formula selected from HRi2SiO(R 1 2 SiO)pSiRi2H or HR^iOSiR^H. wherein R1 and p are as defined 
above. . .... „ . • -.^^ .- . — — ^. 

40 

5. A method according to Claim 3, wherein (A) is selected from MeSi(OMe2SiH) 3 , MeSi(OMeEtSiH) 3 , PhSi(OMe2SiH) 3 , 
or CF3C2H4Si(OMe 2 SiH)3, where Me denotes methyl, Et denotes ethyl, and Ph denotes phenyl. 

6. A method according to Claim 3, wherein (A) is selected from Si(OMe2SiH) 4 or Si(OMeEtSiH) 4 wherein Me denotes 
45 methyl, and Et denotes ethyl. 

7. A method according to Claim 3, wherein R3 is selected from vinyl, allyl, butenyl, pentenyl, hexenyl, or octenyl. 

8. A method according to Claim 3, wherein (B) is selected from CH2=CHMe2SiOMe2SiCH=CH2, 
so CH 2 =CHCH2Me2SiOMe2SiCH2CH=CH2, 

CH 2 =CH(CH2)4Me2SiOMe2Si(CH2)4CH=CH 2 , 
CH2*CH(C2H5)2SiO(C 2 H5)2SiCH=CH2, 
CH 2 = s CHCH 2 MePhSiOMePhSiCH 2 CH=CH 2 , 
CH 2 *CHMe 2 SiO(Me 2 SiO)2Me2SiCH=CH2, 
55 CH2=CHCH2Me2SiO(Me2SiO)2Me2SiCH2CH=CH2, or 

CH2=CH(CH2)4Me2SiO(Me2SiO)2Me2Si(CH2)4CH=CH 2 , wherein 
Me denotes methyl, and Ph denotes phenyl. 
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9. A method according to Claim 3. wherein (B) is selected from 1 ,2-propadiene; 1 ,2, -butadiene; 2-methyM ,3-butadi- 
ene; 2,3-dimethyl-1 ,3-butadiene; 1,3-pentadiene; 1 ,4-pentadiene, 1,5-hexadiene; and 1 ,3-cyclohexadiene. 

10. A method according to Claim 3, wherein (B) is selected from acetylene, propyne, 1-butyne, 2-butyne, 1-pentyne, 2- 
pentyne. 3-methyl-1 -butyne, 3,3-dimethyl-1 -butyne, 1-hexyne, 2-hexyne, 1-heptyne, 1-octyne, 4-octyne, 1-nonyne, 
1-decyne, and 5<iecyne. 

11. A method according to Claim 3. wherein the catalyst is a platinum catalyst selected from platinum black, silica- 
supported platinum, carbon-supported platinum, chloroplatinic acid, an alcohol solution of chloroplatinic acid, a 
complex of platinum and vinylsiioxane. or a complex of platinum and an olefin. 



12. A method according to Claims 3 or 4, wherein the reaction mixture of (I) further comprises an organic solvent. 
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